Introduction: Mediastinal and hilar nodal staging is one of the key points for differentiating treatment modalities in patients with nonsmall-cell lung cancer (NSCLC). The aim of the present study was to determinate the diagnostic yields of endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA), endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) and combined EBUS-TBNA and EUS-FNA modalities for nodal staging in potentially operable NSCLC patients. Tuberk Toraks 2018;66(2):85-92 Tuberk Toraks 2018;66(2):85-92
INTroDucTIoN
Mediastinal and hilar nodal staging is one of the key points for differentiating treatment modalities in patients with non-small-cell lung cancer (NSCLC). Nodal staging is done radiologically, endosonographically or by surgery. Histological confirmation is suggested although radiological methods indicate mediastinal or hilar nodal metastasis because of false positive results (1) (2) (3) . Guidelines recommend endosonographic modalities for obtaining histologic material before surgical methods (1, 4) . This recommendation is based on the sufficient results obtained by endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) and endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) as minimally invasive methods which are almost similar to those of surgical methods (5) (6) (7) (8) .
Today, the main problem with EBUS-TBNA and/or EUS-FNA for nodal staging in NSCLC patients is the occurrence of false negative results. Pathologists complain about the small cytological samples obtained by EBUS-TBNA and/or EUS-FNA. At the same time, these procedures can not reach all hilar and mediastinal lymph nodes separately. Nowadays, the recommendation is to perform EBUS-TBNA and EUS-FNA together in nodal staging of NSCLC patients to decrease false negative results, to obtain further cytological specimens and to reach more lymph nodes (1, 4, 5) . The aim of the present study was to determinate the diagnostic yields of EBUS-TBNA, EUS-FNA and combined EBUS-TBNA and EUS-FNA modalities for nodal staging in potentially operable NSCLC patients. Therefore, we performed EBUS-TBNA after EUS-FNA in a single operation with different scopes and different endoscopists. All patients had a diagnosis of NSCLC before the procedure and none of them had a distant metastasis or inoperable T4 tumor which had been evaulated by thorax computed tomography (CT), F-18 fluorodeoxyglucose positron emission tomography with CT (PET-CT) or brain magnetic resonance imaging (MRI).
MATerIALs and MeTHoDs

Patients
The present study was approved by the Ethics Review Board of Erciyes University and was supported by Tuberk Toraks 2018;66(2):85-92
Erciyes University Coordination Unit of Scientific Research Projects (TSG-2013-4704). Consecutive patients were prospectively enrolled in the study between March 2014 and November 2015. All patients had a potentially operable non-small-cell lung cancer diagnosis before endosonographic procedures. Distant metastasis or inoperable T4 disease was confirmed by CT scans of the chest, whole body integrated PET-CT scans, and brain MRI. We also excluded patients with poor medical conditions of grades 4 and 5 according to the American Society of Anesthesiologists Physical Status classification system. After staging with imaging modalities we included patients who had lymph nodes ≥ 10 mm on thorax CT or PET-CT positive lymph nodes (SUV-MAX ≥ 2.5) or centrally located lung tumor.
Anesthesia
The procedure was started with EUS. Patients were asked to fast before the procedure for 8 hours monitored. Continuous ECG, pulse oximetry, respiratory rate and intermittent venous blood pressure measurements were performed and the venous route was opened. EUS procedures were performed under conscious sedation anesthesia. Midazolam + fentanyl + propofol were administered with titration. During the procedure 3-4 L/min oxygen was administered via nasal cannula. Immediately after the EUS procedure without interruption, a laryngeal mask airway (LMA) was installed under general anesthesia and the bronchoscopists started the EBUS procedure. Anesthesia was induced with propofol and fentanyl, and neuromuscular blocking was done with rocuronium. Anesthesia was achieved with sevoflurane. Neuromuscular blockade was reversed by Sugammadex and the LMA was removed.
eBus-TBNA Procedure and eus-FNA Procedure
Endobronchial and endoscopic scopes were applied using the same device by replacing them in the same operation room. Endobronchial ultrasonography was conducted using a fiberoptic ultrasound bronchoscope (Convex Probe EBUS; BF-UC 160F-OL8; Olympus Medical Systems, Tokyo, Japan) and endosonographic ultrasonography was performed with a Convex Probe EUS (GF-UCT-180; Olympus Medical Systems, Tokyo, Japan). The location, shape, and structure of the lesions were examined with ultrasound. The locations of the stations were named and numbered using the lymph node map proposed by Mountain (9) . After the bronchoscope and endoscope were guided to the target area, during real-time imaging a 22-gauge aspirating needle with a syringe connected proximally (model NA-201SX-4022, Olympus for EBUS and model NA-220H-8022, Olympus for EUS) was pushed out from the distal tip of the scope and samples consisting of cells or tissue fragments were obtained. The aspirate was smeared onto glass slides, air dried and stained with Giemza. Histological cores were fixed with 10% neutral buffered formalin and stained with HE. Immunohistochemical staining was also performed when considered necessary. A rapid onsite cytopathological examination was not performed. Cytopathological specimens were categorized as (i) malignant (adequate sample with presence of malignant cells), (ii) reactive (sample consisting of mature lymphocytes and no malignant cells), (iii) anthracotic (sample consisting of mature lymphocytes, anthracosis and no malignant cells) (iv) inadequate (sample not consisting of mature lymphcytes). Malignant results were considered as positive; reactive, anthracotic and inadequate samples were considered as negative. We obtained two inadequate results by EUS-FNA and we did not exclude these results while calculating the sensitivity, negative predictive value or diagnostic accuracy of the procedure due to the low number of patients. We obtained no inadequate results by EBUS-TBNA.
Mediastinoscopy and Thoracotomy
In the present study, when one of the EBUS-TBNA and EUS-FNA cytopathologic results was positive, the results were assumed to be true positive and additional diagnostic procedures were not performed. However, if both of the cytopathologic results were negative, a cervical mediastinoscopy was performed.
statistical Analysis SPSS 15.0 software (SPSS, Chicago, Illinois, United States) was used for the basic statistical analysis. The Kolmogorov-Smirnov test was used to determine the normality of distributions of variables. Descriptive statistics are presented in frequency, percentage, mean, standard deviation, median, minimum and maximum values. Statistical analysis of the parametric variables between the 2 groups was performed using Student t-test. A p value of less than 0.05 was considered to be significant.
The diagnostic sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy of EBUS-TBNA were calculated as follows: 
resuLTs
A total of 20 patients who had been diagnosed as NSCLC before endosonographic procedures were enrolled into the study. The demographic characteristics, NSCLC subtypes and lymph node characteristics are shown in Table 1 .
Thirty lymph nodes were sampled by EBUS-TBNA and 17 lymph nodes were sampled by EUS-FNA in all 20 patients (p< 0.05). Because two patients had no visible lymph nodes which were easy to sample on EUS and one had hypoxemia at the procedure, 17 lymph nodes were sampled by EUS-TBNA in a total of 20 procedures (only one lymph node was sampled for each patient with EUS). The shortest diameters of the sampled lymph nodes were 11.9 ± 5.9 mm and 12.8 ± 5.9 mm on EBUS and EUS, respectively (p> 0.05). Each node underwent a median of 3 passes by EBUS-TBNA and 2 passes by EUS-TBNA (p< 0.05). Right lower paratracheal (station 4R) and subcarinal (station 7) lymph nodes were the most sampled stations with EBUS-TBNA and EUS-FNA, respectively ( Table 2) . One patient had hypoxemia during the EUS-FNA procedure which was improved with oxygen supplementation and no other major complications were observed with both modalities. Figure 1 shows the diagnostic procedures step by step to the final pathological diagnosis. PET-CT was performed in all 20 patients. Seventeen had positive SUV uptake and three had benign SUV uptake. In these three benign nodal results by PET-CT, the final diagnosis was also negative by EBUS-TBNA, EUS-TBNA and also mediastinoscopy. Six of the 17 patients with positive SUV uptake on PET-CT had negative results by EBUS-TBNA, EUS-TBNA and also mediastinoscopy. One of the 17 patients whom had positive uptake at the N2 station and negative uptake at the N3 station a had malignant result at N2 and also at N3 by EBUS-TBNA. Eleven patients had true positive results, six had false positive results and three had true negative results on PET-CT. The sensitivity, specificity, PPV, NPV and diagnostic accuracy of PET-CT were 100%, 33.3%, 64.7%, 100% and 70.0% respectively.
The final diagnosis was metastasis in 11 of 20 patients. In these 11 N2 metastatic patients, one also had N3 metastatic disease. Nine patients had metastatic N2 disease by EBUS-TBNA and one also had N3 metastasis. Nine patients had reactive and two patients ↓ had anthracotic lymph nodes by EBUS-TBNA. One of the two patients with reactive results by EBUS-TBNA had metastatic disease on EUS-FNA and the other one who also had a negative result on EUS-FNA had metastatic nodal disease by mediastinoscopy. Seventheen of the 20 patients were sampled by EUS-FNA. Nine patients also had metastatic N2 disease by EUS-FNA. Four patients had reactive, two patients had anthracotic lymph nodes and two patients had inadequate samples. One patient with an inadequate result on EUS-FNA had metastatic N2 disease by EBUS-TBNA. One patient with a reactive result also had a reactive result by EBUS-TBNA, but the final diagnosis was metastatic disease on mediastinoscopy. The sensitivity, specificity, PPV, NPV and diagnostic accuracy of solely EBUS-TBNA and EUS-TBNA were 81.8%, 100%, 100%, 81.8% and 90%; 81.8%, 100%, 100%, 75% and 88.2% respectively. EBUS-TBNA and EUS-FNA had two false negative results separately. However, in both of these procedures one result classed as false negative by one procedure was classed as true positive by the other. Therefore, only one patient had a false negative result by combined EBUS-TBNA and EUS-FNA procedure in total 20 patients. When we look at the combined EBUS-TBNA and EUS-TBNA results, the sensitivity, specificity, PPV, NPV and diagnostic accuracy were 90.9%, 100%, 100%, 90.0% and 95.0%, respectively. Table 3 shows the results of diagnostic procedures.
Mediastinoscopy was performed for 10 patients and 9 of them had no metastatic nodal disease. Therefore, surgery was recommended for 9 patients. One of them did not agree to surgery so 8 patients underwent surgery. After surgery, nodal involvement was found to be same as in mediastinoscopy in these 8 patients. Therefore, we had no false negative results by mediastinoscopy.
DIscussIoN
The present study showed better senstivity, NPV and diagnostic accuracy by combined EBUS-TBNA and EUS-FNA compared to the separate performance of these procedures while nodal staging in potentially operable NSCLC patients. Both of the procedures had two false negative results. However, one result classed as false negative by one procedure was classed as true positive by the other. Thus, performing the nodal staging by adding EUS-FNA to EBUS-TBNA prevented unnecessary mediastinoscopy in 1 (9.1%) of 11 nodal metastasis negative patients according to EBUS-TBNA alone. In one of the first trials with EBUS-TBNA plus EUS-FNA, the NPV was 82%, 92% and 96% for endosonographic, endobronchial and combined procedures in suspected lung cancer patients (5) . A recent meta-anlysis with 1080 subjects showed significantly higher results by combined procedure compared to EBUS-TBNA alone which was similar to our results (10) . In spide of the high diagnostic results by combined endosonographic procedure, all negative results must be confirmed by surgical methods such as mediastinoscopy (11) . In our study we also confirmed our negative results by mediastinoscopy and one of the 10 patients with negative results by combined endosonographic procedures was found to have nodal metastatic disease at mediastinoscopy.
False positive results with imaging modalities remain problem especially in tuberculosis endemic countries (2, 12) . A report by Lee et al. compared the diagnostic yield of combined endosonographic methods with PET-CT (13) . The result of the study showed that the specificity and diagnostic accuracy of the combined modalities were higher than with PET-CT at rates of 100% vs 37.5% and 100% vs 81%, respectively. Another important finding for their study is that the diagnostic accuracy was 100%, which is remarkable for these minimally invasive procedures. In the present study, when we compared the specificity and diagnostic accuracy of combined endosonographic modalities with PET-CT they were 100% vs 33.3% and 95% vs 70%, respectively. Although our diagnostic accuracy was not 100% , we also achieved results which resembled those in Lee's report.
Bronchoscopists or endoscopists can not sample all visible nodal stations because of the need to extend procedure time to do so and some accessibility problems. Therefore, they frequently sample only lymph nodes which seem malignant or easy to sample. So, evaluating and also sampling the mediastinal and hilar stations with different modalities make it easy to make a better diagnosis. Stations 8 and 9 can only be sampled by EUS, also, station 5 is easier to sample by EUS than by EBUS (14, 15) . Besides this, the easily sampled stations 2R and 4R by EBUS-TBNA can be seen with EUS; however sampling these stations is sometimes difficult because of their distant location (16, 17) . In a recent trial analyzing false negative results by EBUS-TBNA, EUS-FNA and combined procedure, the investigators found the false negative results of 23.8%, 28.6% and 14.7% per nodal station basis, respectively (18) . The authors explained the relatively higher negative results by the diagnostic reach of the techniques. We found no visible lymph nodes at stations 5, 8 and 9 in the subjects of the present study. In our report, one patient with a positive result by EBUS-TBNA at station 2R had a negative result at station 4L by EUS-FNA. At the same time, another patient with a positive result by EUS-FNA at station 4L had a negative result at station 4R. Therefore, our data also support the view that the EBUS-TBNA and EUS-FNA procedures complement each other for nodal sampling.
The sampled lymph node number (30 vs 17) and pass number (3 vs 2) were significantly higher in the EBUS group than in the EUS group. Although most of the reports sample almost an equal number of lymph nodes with EBUS and EUS, Hwangbo et al. reported more than 4 times the number of sampled lymph nodes by EBUS-TBNA than by EUS-FNA (15, 19, 20) . There are some definitions for these difference such as accessibility or experience. We discussed the accessibility difficulties in the previous paragraph and besides this, we had limited experience in performing EUS-FNA for mediastinal nodal stations.
Both of the endosonographic procedures have low complication rates. Serious complications occur in EBUS-TBNA with a rate of 0.07% and in EUS-FNA with a rate of 0.14% (21, 22) . In the present study one patient had hypoxemia probably due to the anesthesia which was improved by oxygen supplementation.
In the present report the bronchoscopic and endoscopic procedures were performed by a pulmonologist and gastroenterologist with different scopes. Therefore, we did not perform EBUS as an EUSbronchoscopy. We performed both procedures in the same operation room and with the same device but with different scopes, consecutively. This modality feel us safer across the pass laws when we met a complication.
Our study has some limitations. One of them was the low patient number. The other one was the low number of sampled lymph nodes and passes for EUS-FNA due to our limited experience and nodal accessibility problems.
In conclusion, although we have limited experience with combined endosonographic modalities we achieved 90% NPV and 95% diagnostic accuracy at staging mediastinal and hilar lymph nodes in poten-tially operable NSCLC patients. Therefore, we think that EBUS-TBNA and EUS-FNA are complementery modalities for nodal staging in NSCLC patients.
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